A strain of foot-and-mouth disease (FMD) virus (O1 BFS 186o) held in aerosols at high relative humidity (r.h.) was more unstable when suspended in bovine salivary fluid than when suspended in cell culture fluid. This instability was due to the suspending medium rather than to the passage history of the virus and was not related to the high pH of the salivary fluid or to surface inactivation. The inactivation at high r.h. was caused by an undefined organic molecule which was dialysable and sensitive to heating at 7o °C but not at 6o °C.
INTRODUCTION
Foot-and-mouth disease (FMD) virus is excreted from infected animals in saliva, nasal fluid, milk or faeces. Thus, virus may be suspended in aerosol droplets in a range of natural fluids. The likelihood of the virus surviving in the aerosol for a sufficient time to infect a susceptible animal depends on the suspending fluid (Benbough, 197I) .
The O1 BFS I86O strain of FMD virus was much more unstable in aerosols when suspended in salivary fluid (Donaldson, 1972) than when suspended in cell culture fluid (Barlow, 1972 ) or milk or faeces (Donaldson, 1973) . The comparative instability of virus infectivity in salivary fluid was investigated and the results are reported in the present paper.
METHODS
Virus. The O1 BFS I86o strain of FMD virus was used at the ninth passage in baby hamster kidney (BHK 20 cells and was grown in Eagle's medium. Virus harvested from the cultured cells was separated from cell debris by centrifuging at 4ooo rev/min. Salivary fluid and tongue epithelium were collected from Devon steers infected with the O1 BFS I86O strain of FMD virus and a virus suspension was produced by grinding the epithelium in the salivary fluid (Donaldson, I97Z ) .
For experiments in which the initial suspending fluid was to be changed, virus suspensions from salivary fluid or cell cultures were centrifuged at I I5OOO g in an MSE Superspeed 25 centrifuge. The pellets were resuspended overnight at 4 °C in Eagle's medium, inactivated salivary fluid from an infected animal, uninfected nasal fluid or Sorensen's glycine buffer solution at defined pH and treated in a sonifier for 2 rain to assist dispersion.
Sorensen's glycine buffer solutions were prepared at the required pH by mixing solutions of glycine, sodium chloride and sodium hydroxide in the proportions specified by Hale (I965).
All virus suspensions were stored at -70 °C in 5 ml amounts until required for an experiment.
Infectivity assays. Infectivity assays were by plaque counting on monolayers of renal swine cells (IB-RS-2) (de Castro, I964) for the cell culture virus and on monolayers of primary bovine thyroid cells (Snowdon, 1966) for virus from salivary fluid. A vol. of 0"4 ml of virus dilution was spread on to each monolayer and an overlay containing I ~ (w/v) Special Agar Noble was added after incubation at 37 °C for 30 rain. The plates were then incubated for 24 h at 37 °C in air containing 5 ~ (v/v) CO~. Three to six 6 cm Petri dishes were used per virus dilution and the plates were stained with neutral red prior to counting plaques.
Bovine nasalfluid. Tampons were inserted into the noses of uninfected Devon steers and retained by means of a muslin mask for Io to 15 min (A. Garland, personal communication). Nasal secretion was then expressed from the tampons and clarified by centrifuging at 3o00 rev/min for lO rain.
Measurement ofpH. The pH of virus suspensions, buffer solutions and spraying suspensions were measured using an E.I.L. direct reading pH meter.
Aerosol generation, storage and collection. Aerosols containing virus were generated by a single-jet Collison spray and stored in a 75 1 rotating drum containing air at controlled r.h. (Henderson, I952; Druett, I969) . The drum and cloud were rotated at 4 rev/min to reduce physical loss by sedimentation (Goldberg et al. 1958) . The characteristics of the Collison spray are such that essentially monodisperse aerosols are produced. Samples of the aerosol were collected by Porton raised impingers (May & Harper, I957) containing IO ml of collecting fluid (phosphate buffered saline with 0.25 ~o (w/v) bovine serum albumin and silicone antifoam emulsion, pH 7"4)-Samples were taken about I s after generation and after storage for 5 to 60 rain in the drum. The experiments were performed at the ambient temperature of I9 to 22 °C.
Physical decay and calculation of results.
A tracer was not incorporated to measure physical decay (Barlow, I972) . The viable spray factor (VSF) was estimated as follows from the infectivities of collected aerosol samples: VSF = (p.f.u./1 of cloud) x (flow rate through apparatus in 1/min) (flow rate through spray in l/rain) × (p.f.u./ml of original spray fluid) x IO 3" Tracer experiments with [3H]-uridine gave a maximum VSF of around 6 x Io _6 for samples taken at ~ s and after ageing in the drum. This value was taken as too ~ and all other values expressed as a percentage of this.
At least six determinations of percentage viability were made at each r.h.
Decay rates. Between 5 and 60 min the logarithm of the percentage viability was found to decrease linearly with time. A least-squares method was used to determine the best fitting aerosol decay rate in each case. These decay rates are quoted as log units/h and the errors given are twice the standard error.
Shaking. Samples of 2 ml of virus suspension were agitated for 30 min on a Griffin flask shaker at 20 °C. The shaking speed was the same in all experiments. Samples of the virus suspension were assayed before and after shaking.
RESULTS

Aerosol stability of virus suspended in salivary fluid
Virus suspended in saliva collected from infected animals was not significantly more unstable during the first I s in aerosols than virus suspended in cell culture fluid (Fig. I ). Between I s and 5 rain the virus infectivity was inactivated much more rapidly in aerosols from salivary fluid than in cell culture fluid (Fig. 2) . Thus, at 7o ~ r.h., I t ~ of the initial infectivity was recovered after 5 min in the aerosol when the virus was suspended in cell culture fluid, compared with only o.o74 ~ of the virus infectivity when suspended in salivary fluid. The inactivation rate after the first 5 min also depended on the suspending medium. Virus suspended in salivary fluid lost infectivity in aerosols at the rate of 3" 15 -}-o'74 log units/h compared with o.o56 + o.oo4 log units/h for virus suspended in cell culture fluid (Table I) . When virus harvested from cell culture fluid was pelleted by high speed centrifuging and resuspended in thermally inactivated salivary fluid from infected animals, the pattern of (Donaldson, 1973) Bovine faeces (Donaldson, 1973) Decay inactivation at varying r.h. was similar to that for virus suspended in salivary fluid (Fig. 2) . Similarly, if virus in salivary fluid was pelleted and resuspended in Eagle's medium, its stability in aerosols was similar to that for virus from cell cultures.
When virus harvested from cell cultures was diluted with inactivated salivary fluid from infected animals, the loss of infectivity in aerosols at high r.h. increased with the proportion of salivary fluid (Fig. 3) . Stability in the aerosol was therefore related to the suspending medium rather than to the recent passage of the virus.
Virus suspended in bovine nasal fluid
The aerosol stability was investigated for virus pelleted from cell cultures and resuspended in bovine nasal fluid (pH 8.o5) and it was similar to that of cell culture virus at r.h. above 4o ~ (Fig. 4) . At 20 and 3o ~ r.h., slightly less infectivity was lost in the first 5 rain in the aerosol when virus was suspended in bovine nasal fluid rather than in cell culture fluid. The inactivation rates after the first 5 rain were similar in nasal fluid and cell culture fluid (Table I) . O--Q, after i s, ,ik--A, after 5 min. 
Effect of pH of medium on the aerosol stability of virus infectivity
Salivary fluid at initial pH 8-90 showed a rise to pH 9-30 after agitation in the Collison spray during an experiment. Infected cell culture virus suspensions at pH 7'7o before spraying rose to pH 8.5o after an experiment. Dilution of virus suspensions in cell culture fluid with 5o ~ salivary fluid gave a very similar pH to that of salivary fluid at pH 8-9o (Table 2) , but under these conditions the recoveries of virus infectivity from aerosols were higher than when virus was suspended in salivary fluid alone (Fig. 3) .
When virus from cell cultures was pelleted and resuspended in Sorensen's glycine buffer solution at pH 9"3o, recoveries of infectivity from aerosols generally were not lower than 
for virus suspended in cell culture fluid (Table 3) . Therefore the instability of virus suspended in salivary fluid was not due to the high pH of the salivary fluid.
Effect of heat on salivary fluid
When cell culture virus was pelleted and resuspended in salivary fluid which had previously been heated for 3 h at 6o °C, the inactivation of virus infectivity in aerosols was similar to that for virus resuspended in unheated salivary fluid (Table 4 )-When the salivary fluid was heated at 7o °C for 3 h, inactivation of virus infectivity in aerosols was no greater than that for virus in cell culture fluid. Thus, the factor responsible for the instability of virus suspended in salivary fluid was destroyed by heating at 7o °C but not at 6o °C.
Dialysed salivary fluid
Virus from cell cultures was pelleted and resuspended in salivary fluid which had been dialysed for 24 h against one change of phosphate-buffered saline. The stability of this virus was then found to be similar to that for virus in cell culture fluid (Table 4) .
Effect of medium additives on aerosol stability of infectivity
The addition of EDTA, DMSO, inositol or enzyme inhibitors such as mercuric chloride, sodium azide or iodoacetamide did not increase the recoveries of infectivity after 5 min in aerosols of virus sprayed from salivary fluid (Table 5) . 
Inactivation of virus infectivity by shaking
To investigate the possibility that the increased inactivation in aerosols of virus suspended in salivary fluid was due to surface inactivation, virus suspensions were agitated for 3o rain on a Griffin flask shaker. The shaking did not significantly inactivate virus suspended either in cell culture fluid (Table 6 ) or in saliva from infected cattle (Table 7) . Virus from cell cultures was diluted so-or Ioo-fold in distilled water or tenfold in r M-NaC1 and it was also not inactivated by shaking. When virus from cell cultures was diluted zoo-or ~ooo-fold in t ~-NaC1, then ~.4 and 1.8 log units of virus infectivity respectively were lost on shaking for 3o rain. Salivary fluid virus diluted Iooo-fold in I M-NaCI lost 1.5 log units of virus infectivity after shaking.
DISCUSSION
The O~ BFS I86O strain of FMD virus was much more unstable in aerosols at high r.h. when suspended in bovine salivary fluid rather than in milk or faeces (Donaldson, I973) or in cell culture fluid. The high pH of the salivary fluid was not responsible for the increased inactivation in aerosols. Trouwborst, de Jong & Winkler (t972) suggested that there was an analogy between the inactivation ofT I bacteriophage in aerosols at high r.h. and during shaking and that surface inactivation was responsible for the loss of virus in both cases. Salivary fluid virus was not more susceptible to direct inactivation by shaking than cell culture virus. It is unlikely, therefore, that surface inactivation was responsible for the increased inactivation of salivary fluid virus in aerosols at high r.h.
The instability of virus suspended in salivary fluid seems to be due to the presence of some 'inactivating factor' in the saliva. This 'inactivating factor' is sensitive to heating at 7 ° °C but not at 6o °C and is small enough to be dialysable. It may be an enzyme or an enzyme/coenzyme system with a dialysable coenzyme. Addition of the enzyme inhibitors, mercuric chloride, sodium azide or iodoacetamide, did not prevent inactivation of virus infectivity in aerosols. All enzymes would not be inhibited by these compounds and so we cannot exclude an enzyme as the 'inactivating factor'. The inactivation was not due to an enzyme/coenzyme system depending on calcium or magnesium ions as the coenzyme, since the addition of EDTA did not significantly increase the recoveries of virus infectivity from aerosols.
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